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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

PRELIMINARY EVALUATION OF TURBINE PERFORMANCE WITH VARIABLE-
AREA TURBINE NOZZLES IN A TURBOJET ENGINE

By Carl E. Campbell and Henry J. Welna

SUMMARY

The performance of a two-stage turbine with variable-ares first-
stage turbine nozzles was determined in the NACA Lewis altitude wind
tunnel over a range of simulated altitudes from 15,000 to 44,000 feet
and engine speeds from 50 to 100 percent of rated speed. The variable-
area turbine nozzles used in this investigation were Primarily a test
device for compressor research purposes and were not necessarily of
optimum aerodynamic design. The results of this investigation are indica-
tive of effects of turbine-nozzle-area variation on turbine performance
within the operating range allowed by the engine. The variable-area
turbine nozzles were found to be mechanically reliable and to have negli-
gible leakage losses. Increasing the turbine-nozzle-throat area from
1.15 to 1.67 square feet increased the corrected turbine gas flow or
effective turbine nozzle area about 10 bercent. At a given corrected
turbine speed and turbine pressure ratio » changing the turbine nozzle
area from 1.30 to 1.67 square feet lowered the turbine efficiency
S or 4 percent. The effect of increasing the turbine nozzle aresa from
1.15 to 1.67 square feet (decreasing the turning angle about 7%.0) would

be to lower the turbine efficiency about S or 6 percent.

INTRODUCTION

Analyses such as that given in reference 1 indicate the performance
and operational advantages to be gained by utilization of variable-area
turbine nozzles in turbojet engines. When combined with a Proper speed
control, the variable turbine nozzle can greetly increase the thrust
capability of supersonic turbojet engines because of increased flexi-
bility in matching of the compressor and turbine over a wide range of
flight conditions. Furthermore, potential improvements in specific fuel
consumption, particularly at thrust values below rated thrust, are possi-
ble for engines equipped with both variable-area turbine nozzles and
variable-area exhaust nozzles (reference 1). In both these analyses, it
was assumed that turbine efficiency was not affected by changes in the
area or angle of the turbine nozzles. However, aside from analytical
treatment of the problem, there exists at the present time a lack of
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experimental data on the performance of veriable-area turbine nozzles
operating as integral components of full-scale turbojet engines. Com-
pPlexity and mechanical reliability have been the main deterrent factors
in obtaining experimental data and in the utilization of variable tur-
bine nozzles in pres:.t turbojet engine designs.

During a study of the surge characteristics of a turbojet engine
fitted with variable-area first-stage turbine nozzles in the NACA Lewis
altitude wind tunnel, it was possible to obtain some rreliminary data
on the effect of these nozzles on the performance of the two-stage tur-
bine. The effect of the variable-area turbine nozzles on the efficiency
and gas flow characteristics of the turbine are presented herein. The
variable-area turbine nozzles investigated in this study were intended
pPrimarily to provide a variable compressor pressure ratio independent
of engine speed and turbine-inlet temperature for compressor recsearch
purposes; therefore, the aerodynamic design of the nozzles was not
necessarily optimum. Furthermore, the turbine rotors and the second-
stage stator were designed for fixed-area first-stage nozzles. The
experimental results obtained in this investigation, therefore, do not
represent the best turbine performance obtainable with variable-area
turbine nozzles, but serve instead as s Preliminary indicator of general
rerformance and mechanical problems.

Corrected turbine gas flow and turbine efficiency are presented as
functions of corrected turbine speed and turbine pressure ratio to show
the effects of turbine nozzle area and nozzle angle on turbine perform-
ance. The turbine efficiency obtained with the original fixed turbine
nozzles is compared with the turbine efficiency obtained with the vari-
able turbine nozzles at a position corresponding to approximately the
same throat area and turning angle. All turbine performance data obtained
with the variable turbine nozzles are presented in numerical form in
table I.

INSTALLATION AND INSTRUMENTATION
Engine

The engine was mounted on a wing section which extended across
the Z0-foot-diameter test section of the altitude wind tunnel (fig. 1).
Dry refrigerated air was supplied to the engine from the tunnel make-up
air system through a duct connected to the engine inlet. Manually con-
trolled butterfly valves in this duct were used to adjust the total
bressure of the refrigerated air at the engine inlet to correspond to
the desired flight condition, while the static bressure in the tunnel
test section was maintained to correspond to the desired altitude. A
slip joint with a frictionless seal in the duct Permitted the measure-
ment of thrust and installation drag with the tunnel scales.

CONFIDENTIAL

2618




B8T92

o

NACA RM ES2J20 CONFIDENTIAL 3

The engine used in this investigation was a J40-WE-6, which had a
sea-level rating of 7500 pounds of jet thrust at an engine speed of
7260 rpm and a turbine~inlet temperature of 1425° F. At this rating,
the compressor pressure ratio was about 5.0 and the engine air flow was
140 pounds per second. A cross-section of the engine is presented in
figure 2 showing the main components of the engine which included ..
eleven-stage axial-flow compressor, a single-annulus basket-type com-
bustor, a two-stage turbine, and a clamshell-type variable-area exhaust
nozzle. The engine was equipped with an electronic control that varied
engine fuel flow and exhaust-nozzle area to maintain a schedule of
turbine-outlet temperature and engine speed.

The original J40-WE-6 engine was modified before the investigation
reported herein by replacing the compressor-outlet straightening-vane
asgembly with a two-element mixer-vane assembly, by using a slightly modi-
fied combustor basket, and by replacing the first-astage fixed turbine noz-
zles with a variable turbine-nozzle diaphragm. The original control was
algo modified to permit independent control of engine speed and exhaust-
nozzle area.

Turbine

Both first- and second-stage turbine disks were s0lid steel and had
an outer diameter of 21.90 inches. Tne first-stage rotor disk had
62 high-temperature-alloy blades fitted into its outer rim (fig. 3(a))
and the second stage contained 32 blades of the same material (fig. 3(b)).
All turbine rotor blades were 5.50 inches in length; the turbine tip
diameter was thus 32.90 inches and the hub-tip radius ratio was 0.666.
The radial tip clearance for the turbine rotors was 5/32 inch.

The first-stage or variable turbine-nozzle diaphragm consisted of
56 high-temperature-alloy vanes which could be rotated between an inner
and outer shroud (figs. 4(a) and 4(b)). All vanes were rotated simul-
taneously by an actuating mechanism similar to the one shown schematically
in figure 5. The single actuating shaft extending through the engine
outer skin was actuated by an externally mounted worm-gear drive. Chang-
ing the turbine-nozzle vane angle varied the nozzle throat area and also
the angle that the fluid is turned in passing through the nozzles. Mid-
vane cross sections of two adjacent turbine nozzle vanes are shown in
the open and closed positions in figure 6. The solid-line section shows
the vanes in the open position corresponding to a geometric throat area
of 1.67 square feet and a turning angle at the throat of approximately
54.5°. The dashed-line section corresponds to the closed position with
a throat area of 1.15 square feet and turning angle of about 62°. The
original fixed turbine nozzles, for which the turbine rotors and second-
stage nozzles were designed, corresponded closely to the variable turbine-
nozzle setting that provided a throat area of 1.30 square feet and a
turning angle of about 59°.
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The second-stage or interstage stator consisted of 60 high-
temperature-alloy vanes welded to an inner and outer shroud with a fixed
nozzle-throat area of approximately 1.81 scruare feet. The annular
passage through the turbine from first-stage nozzles to turbine outlet
had apprcximately constant inner and outer diameters; the unblocked
annular area was about 3.4 square feet.

Instrumentation

Stations at which instrumentation was installed within the engine
for measuring pressures and temperatures are shown in figure 2. The
number of total and static prussure tubes, static pressure orifices, and
thermocouples installed at each mcasuring station is shown in tabular
form in this figure. Schematic sketches of the instrumentation at the
cowl inlet (station 1), compressor outlet (station 4), turbine inlet
(station 5), and turbine outlet (station 6) are shown in figure 7. Fuel
flow was measured by calibrated rotameters and engine speed was measured
by a stroboscopic tachometer.

Procedure

Data were obtained at altitudes of 15,000, 30,000, 40,000, and
44,000 feet at various flight Mach numbers from 0.14 to 0.62. Extensive
performance data were obtained at an altitude of 30,000 feet and a flight
Mach number of 0.62. At this flight condition, the veriable turbine
nozzles were set at five different positions and at each nozzle position
the engine was operated at six different speeds from 3630 to 7260 rpm
(rated speed). At each turbine-nozzle setting and engine speed, the
exhaust nozzle was varied from the wide-open position to full closed,
or until limiting turbine temperature was approached, to extend the range
of turbine pressure ratio and corrected turbine speed. The ranges of
turbine pressure ratio, corrected turbine speed, turbine nozzle area,
and engine speed covered at this flight condition are shown in the follow-
ing table:

Engine speed, rpm . . . . . . . . . . . . . « s s+ e « « o o 3630 to 7280
Measured turbine-nozzle-throat area, sq ft . . . . . . . . 1.15 to 1.87
Turbine pressure retic . o o o .+ o o . . . . e s s+ o « o o+ 1.57 to 3.00
Corrected turbine Bpeed, PM . . . ¢ 4 . 4 4 4 e e e 2663 to 4407

The symbols and methods of calculation used to determine the turbine
performance are given in the appendix.
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RESULTS AND DISCUSSION

Inasmuch as the primary object is to show the effect of turbine
nozzle area on turbine performance, curves are shown only for an alti-
tude of 30,000 feet and a flight Mach number of 0.62 where the most
extensive investigation was made. Data obtained at all of the flight
conditions investigated are presented in numerical form in table I.

Corrected Turbine Gas Flow

The variation of corrected turbine gas flow with corrected turbine
speed for all five turbine nozzle areas is shown in figure 8 for an alti-~
tude of 30,000 feet and a flight Mach number of 0.62. Although turbine
pressure ratio is not a direct function of corrected turbine speed, lines
of constant turbine pressure ratio have been superimposed to indicate
approximately the general increase in turbine Pressure ratio with increased
corrected turbine speed at each turbine nozzle area. For each of the five
nozzle areas, the corrected gas flow increased with corrected turbine
speed to a maximum value and was unaffected by further increases in cor-
rected turbine speed or turbine pressure ratio. Failure of the corrected
gas Tlow to increase at high corrected turbine speeds (and high turbine
pressure ratios) is attributed to choking of the flow at some station
within the turbine. The turbine pressure ratio for choking varied from
about 2.6 at a turbine nozzle area of 1.15 square feet to about 2.2 at
an area of 1.67 square feet. However, these values of turbine pressure
ratio at the transition point between choked and unchoked flow are very
approximate because of the data inaccuracy in the low range of turbine
pressure ratios.

The maximum corrected turbine gas flow (choked conditions) obtained
at each nozzle area is shown in figure 9. This curve is also a measure
of effective turbine-nozzle throat area inasmuch as corrected turbine
gas flow is directly proportional to effective area when the nozzles are
choked. Over the range of actual turbine nozzle areas from 1.15 to
1.67 square feet, the effective turbine nozzle area varied from 1.13 to
1.25 square feet for an effective area range of approximately 10 percent.
It is apparent that the effective and measured areas are nearly equal at
small area settings of the nozzles but the effective area is considerably
smaller than the measured area at large area settings. Thisg indicates a
reduction in nozzle flow coefficient (defined as the ratio of effective
area to measured area) from about 0.98 to 0.75 as the nozzles are opened.
This large reduction in indicated flow coefficient may be caused by chok-
ing at some station within the turbine other than the inlet nozzles.
However, inasmuch as interstage pressures and temperatures were not meas-
ured, the location of the choking station within the turbine could not
be determined with certainty.
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Turbine Efficiency

The turbine efficiencies obtained with all five turbine nozzle areas
at an altitude of 30,000 feet and a flight Mach number of 0.62 are shown
in figure 10 as a function of corrected turbine speed. The maximum tur-
bine efficiency obtained was 0.87 with the smallest turbine nozzle area
and a high corrected turbine speed. The minimum turbine efficiency was
about 0.70 with the .argest nozzle area and a low corrected turbine speed.
In general, turbine cfficiency increased with corrected turbine speed for
all turbine nozzle areas and was lowered by increasing the turbine nozzle
area (decreasing the nozzle turning angle) at a given corrected turbine
speed. These general effects, however, are not clearly separated in fig-

ure 10 because the effects of turbine pressure ratio have not been accounted

for.

In figures 11(a) and (b) to 15(a) and (b), operating lines of turbine
Pressure ratio and turbine efficiency are shown as functions of corrected
turbine speed for each engine speed and turbine nozzle area. Although
turbine efficiency is not a direct function of engine speed, lines of
constant engine speed have been faired for the turbine efficiency data
for the purpose of obtaining cross plots. The cross plots of turbine
efficiency against corrected turbine speed for constant values of turbine
pressure ratio obtained from parts (a) and (b) of figures 11 to 15 are

shown in parts (c) of these figures. At a constant turbine pressure ratio,

turbine efficiency increased with increased corrected turbine speed.

This trend occurred at all values of constant turbine pressure ratio for
which cross plots could be obtained at each turbine nozzle area. The
maximum range of corrected turbine speed obtainable at a constant turbine
Pressure ratio was about 200 rpm and the average increase in turbine
efficiency for this increase in corrected turbine speed was about 4 per-
cent. However, the rate of increase in turbine efficiency with increased
corrected turbine speed was greater at the lower values of constant tur-
bine pressure ratio. At a given corrected turbine speed, turbine effi-
ciency increased with reduced turbine pressure ratio, but the corrected
turbine speed could be maintained constant only for a very small range

of turbine pressure ratios.

The effect of changing turbine nozzle area and turning angle on tur-
bine efficiency at a given corrected turbine speed and turbine pressure
ratio is shown in figure 16. The symbols, which represent cross-plotted
data points rather than actual data points, have been included to indi-
cate the accuracy of the cross-plotted data as well as for distinguishing
between turbine nozzle areas. In all cases where a comparison could be
made at the same turbine pressure ratio and corrected turbine speed,
the turbine efficiency was lowered by increasing the turbine nozzle area.
Changing the turbine nozzle area from 1.30 to 1.67 square feet at con-
stant values of corrected turbine speed and turbine pressure ratio

CONFIDENTIAL
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lowered the turbine efficiency by 3 or 4 percent. It is probable that
the reduction in turbine efficiency over the complete range of turbine

o
nozzle areas (decreasing the turning angle about 7% ) would not be more

than about 5 or 6 percent in the region of high corrected turbine speeds
and turbine pressure ratios.

A comparison of turbine efficiencies obtained with the original
fixed turbine nozzles and with the variable turbine nozzles at a corre-
sponding area setting and at the same flight conditions and engine speed
is shown in figure 17. The slightly lower turbine efficiency of about
1 percent (which is less than the data accuracy spread) obtained with
the variable turbine nozzles indicates that the leakage losses with the
variable nozzles were very small.

Mechanical Reliability

The variable-area turbine-nozzle diaphragm was installed in the
engine during approximately 240 hours of engine operation and only minor
mechanical difficulties were encountered during this period. Although
the turbine nozzle area was not varied frequently during the part of the
engine investigation reported herein, a great many changes in nozzle area
were made during other parts of the investigation. The nozzles were at
low physical loading conditions most of the time because most of the
investigation was conducted at high altitudes, but inasmuch as a large
part of the total operating time was at military speed and temperature,
it is felt that these tests were a good indication of variable turbine
nozzle life. Calibrations of turbine-nozzle-throat dimensions versus
indicated nozzle setting showed good reproducibility of turbine nozzle
areas.

CONCLUDING REMARKS

The variable-area turbine nozzles were found to be mechanically
reliable and to have negligible leakage losses. It was possible to
achieve a variation in corrected turbine gas flow or effective turbine
nozzle area of about 10 percent by use of these variable turbine nozzles.
At a given corrected turbine speed and turbine pressure ratio, changing
the turbine nozzle area from 1.30 to 1.67 square feet lowered the turbine
efficiency by 3 or 4 percent. The effect of increasing the turbine noz-
zle area from 1.15 to 1.67 square feet (decreasing the turning angle

o
about 7% ) would probably lower the turbine efficiency about 5 or 6 percent.

Lewis Flight Propulsion Laboratory
Netional Advisory Committee for Aeronautics
Cleveland, Ohio
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APPENDIX - CALCULATIONS
Symbols

The following symbols are used in this report:

A cross-sectional area, sq ft
g acceleration due to gravity, 32.7 ft/sec2 "
H enthalpy of air or gas mixture, Btu/lb §
N engine speed, rpm
P total pressure, 1b/sq ft absolute
P static pressure, 1b/sq ft absolute
R gas constant, 53.4 ft-1b/1b-°R
T total temperature, °r
Ti indicated temperature, °R
v velocity, ft/sec ‘
Wo air flow, 1lb/sec )
We fuel flow, 1b/hr
o gas flow, 1lb/sec
a thermocouple impact recovery factor, 0.85
\3 T ratio of specific heats for gases ‘
5 pressure correction factor, P/2116 (total pressure divided by
N NACA standard sea-level pressure) i
’ n adiabatic efficiency
6 temperature correction factor, yT/(1.4)(519), (product of 'e

and total temperature divided by product of y and tempera-
ture for air at NACA standard sea-level conditions)

it e et

o density, slugs/cu ft

CONF IDENTIAL




e, S

27

8192

NACA RM E52J70) CONFIDENTIAL

Corrected parameters:

N/~/65

T5/92

%/
85(r5/1.4)

Al /65
Subscripts:

8

Total temperatures were c

corrected turbine speed, rpm

corrected turbine-inlet temperature, ©R
corrected turbine-inlet gas flow, 1b/sec

corrected turbine enthalpy drop, Btu/ib

air

gas mixture
turbine

cowl inlet
compressor inlet
compressor outlet
turbine inlet

turbine outlet

Methods of Calculation

temperatures with the equation

r-1
T, (2)
- P
T = v a—
P\ 7T
1l + a,(—) -1
p

CONFIDENTIAL
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Alr floy. - Air flow was determined from pressure and temperature
measurements at the cowl inlet (station 1) by use of the equation

Tl’l Tl‘l
W '-gpAV:A/\/Zg' _i ﬁ:_(}:.}.) "1 EJ:. "1 1
a,l 17171 1 R -\/T:I T1-1\p; Py o
2

Gas flow. - Gas flow was calculated from fuel-flow measurements and
cowl-inlet air flow as follows:

2618

wg =Wy 1+ wf/ssoo (3)

Turbine-inlet temperature. - Turbine-inlet temperature was deter-
mined from the enthalpy and fuel-air ratio at the turbine inlet by use
of temperature-enthalpy tables. Turbine-inlet enthalpy was calculated
from the following equation which assumes that the turbine enthalpy drop
equals the compressor enthalpy rise:

Wa,1 )
4+ = (Ha,4 - Ha,z) (4

H H
g,6 W
g

8,5

Turbine efficiency. - The turbine adiabatic efficiency was deter-
mined from the following equation:

(5)

where Ty is the average value of y between stations 5 and 6.

CONFIDENTIAL

1

4
b

.




NACA RM E52J20 CONFIDENTIAL

REFERENCES

1. Silvern, David H., and Slivka, William R.: Analytical Investigation
of Turbines with Adjustable Stator Blades and Effect of These Tur-
bines on Jet-Engine Performance. NACA RM ESCEO05, 1950.

CONFIDENTIAL




@]
X
= : : 5 ;
o g0z t| 6cT0 Fp199 PLBTYS" G2 | 190% | v6L 2(6SPL " (G6°S6 %9 96|0avT | ogtz | 0BLT| 0609 |re8| ¢6% | secT | ozL¥|osaL | £9°T | <arr | Lot 95
n ¥12°T] SZl0° L8763 |9LLT|0°92 | 6STY | 201°Cf280L" 0996 |0%°S6|¥8ST | 026T | 089T| 9565 |%¥es | 16% | cr8T | oTew|092L | 29°T | 9911 | g9v- S
| 6T2'T| 6TT0° 0279 |STLTIG 92 [28T% | ---~-|------12CG6 |02 ¥6 [0%ST | ---- | £%9T | 0285 | .26 | L6% | %9ST | 0v0%|092L | £9°T | OBTIT | 09%- ¥S
oge 1 T110" SE°€9 |e89T|¢ 2 [8%2% | --—--|-----~|C¥- 16 9¢°96 (6,21 | =~-- TLGT | L6LS ¢18 | SB% BLET o¥8g| 0seL L9°1 0611 ek A 5]
mm 860°T| 800" £6°%S |TBTTIS"TT | ¥¥52 | OSL"T|98BS9" | $9°959C"95|600T | 26TT | 8OTT| 98cz |[zss | 8% | SieT | 220T{ogse | os T | Setr | 9%- 2
00T°T| 0900" 18755 |920T|2"2T 16692 | ¥9S T(QLT8" |¥6° LS (1L LS|898 | 2820 | SS6 | L96T |€LS| ¥9% | ST | »Te |0£9s | OS°T | o81l | oL®- 15
6ST°T]  ¥600° T |ESYTIYILT {GOOE | -=---i----== 08 TS |27 TS 189TT | ===- | OSCT| ~-=- | S| 08% | ST | O%.T|6Ti% | 0S°T | 38TT | 99%- 0S
< LSTT|  G60C- £78S |S6STIF"LT |T¥OE | 2¥8°T|2TI8" |L9°TS|T2"TISILCTT | 09T | 621 | %008 |99 ! 28% | T | SS9T|6TL¥ | oS'T | 9910 | $9%- 6%
Q ST 1| zsoo £769 [SVEL/9°LT 1960¢ | 9967 11€958" |69°2G(90°25/080T | 94ST | €veT | Tvez | 9%9 | Tev | 8LST | oeST|6T.¥ | o T | #8TT | 1L3- 8%
< 197°1] 890C" oo |EEET|T"8T | STEC | -=-==|----==1§8°25|C5 25886 | ===~ | L¥TT| ---- |€¥3|¢o¥ | G.CT | S62T|61.% | OF'T | S9TT | L9b- LY
= 91! 2900 £¢78S [9STT|98T (0S¢ ¥86°Ti€218° 1L°25/98°2S|C96 | OTPT | €8OT | 86L2 | %9 | 98% | SLST | GLTT|6TL¥ | 0%°T | L8TT | 39%- 9%
¥IT° T 0OST0° EL70y |29LT]6°02 |61SC | 280°2|¥8E8" |02 TL |82 CL{LSPT | S6T2 | SL9T | OLSH |SSL| Le¥ | 2.ST | o6ec|eoss | os'T | 89TT | e<%- S¥
LTt TrIo” 16709 |0%9T|6°12 | 6¥¥S | 6ST"2|2eS8" 9T°CL Ve 2L{OTST | £202 | O¥ST | (%% [ S%L | 88% | »LET | 0692|8088 | 0S°T | ¥81T | ¢9%- ¥
18T°1| *600° B 09 |20ST|9°¢2 | ¥6SE | 992°2|b008" |22 9. €S Ce|¥6TT | €61 | OTPT | T9S% |SSL | 88% | 2087 | 00s2!808S | 08 T | SOTT | £9%- 4
66T°T! 2800" [r109 160VT|S €2 |20LC | $9£°210S18" |6L°SL[LTSLISOTT | £28T | €2ST | OTS® |i2L | 48% | 9.21 | Oc2z|s08S | 08T | 1911 | 39%- 2%
Iee 1 8300 SB°09 |00LT{L %2 !628€ {(80% 2{CSSH" 6794 ({LL"SL{LOOT | S9ST 0221 | ¥¥1¥ ¥eL | 16V bLetT G981|808S o0 § 98TT 9% 164
2LT T| 9%10- 05709 O16T|9°22 |OTSE | 281 2|¥6¥8° (C8°£8|T9°28|TSST | €252 | 00BT | ST9S | 66: | 68% | .S | 06SH|e5es | 0T | 8etr | oot o%
06T T| 5710° y1'03 |6LLT1L-CC |2cog |892°2(8958° (69798 |19°¢0/cTvT | W | CB9T | T0SS | %6L | 06% | SLST | o8ec|cees | o0e T | 891r | co9- 6
ozt 1| zrio- LE709 1Ze9T|L T2 | 9%LE | 9GE°2|06%8° |6S7GE ST ¥8|TOST | 9522 | €9ST | 9TSS | S8L | 16% | ¥.ST | Oeee|cees | 0S°T | o811 | 29%- 8s
$TZ°1! 600 EP109 |2TSTI8"G2 | 006E (£6772181S8° |61°98(6€°S8, 08T | 102 | €C¥T | STTS |SLL | 26% | ¥LST | 0682|Soes | 0T | ooll | #9%- LS
522 1| 8.00° 65709 |LBET16°G2 11707 | €59°C| 0608 |L9°98(00°98S80T | SS8T | L2ST | £26% | 9. {¢6% | <LST | oovzleces | os T | 9etr | 39%- 9¢
602 T| ¥¢T0° 4109 |0EOT|\¥"ST G98S | 26€°2|S086° |SE"C6 | TT26(9%¥1 | 2952 | 8%.T | OST9 | T€6 | 96% | Tro1 | 0S¥vli689 | 0e°T | 3811 | c9%- s¢
Tee 1 STT0° Y9709 JOTLT|S 8 | 1668 | T0S"2|5TL8" [08°C6|£L°26|26ST | S2€e | L29T | o568 (€28 | w6% | L.eT | Seoc|iess | oe T | ostr | 9% 3
¥22 1| sCTo- €709 [STST|2-L2 1960F |94S°2(LL¥8" |6€°€6 (2% 26(0S2T [8E22 | OFST | 190G |ST8 | S6% | ST | c6%e|.689 | O%°T | 2oTT | g9%- 3y
0%2°T| 060" Te"0s | GOST|0'8¢ [6S2¥ |6SL7C|$9€0° |LS7€6|9S°26[SGTT | L202 | OSPT | €555 | 508 | o6% | 9LeT | soos!zess | os T | 2911 | 9% 25
61c°T| ©gI0° €OTI8 |6YETIL"92 | OLOY |98F°C)28L8" |9 L6|BT1°96|0SPT | 89S | 2T | 6SE9 | ¥96 | 68% | L.cT | G69v|02L | os-T | 26TT | 69 ¢
mm 9¢z°1| OT10" T |LL8T|0787 €¥EE | --o--|----=- 30" 96 16275616821 | ---- | €6ST | ---- |9€8 | ¢6% | 69T | cere|o9zL | os T | eetr | c9%- og .
¥52 T 1600° 0£°0% | T6ST(6°8C (267 | 69L°2|¥6€8° (0671696796 (0611 | ¥2T2 | 0BYI | ¥265 | 218 | €8% | 6,81 | oLec|oszl | 0s-T | <611 | 09% 62
H 860°T| f.00° ¢y IS [€2TTIT"CT | 9252 | €95 T)G6LL° |LP79€,02°9S|196 | ¥OST | GSOT | £9T2 {89S | S8% | 65T | S96 (0g9s | ST-T | 281T | 2g%- 82
860°T| 8500° 16775 |8SOT €-2T |2S3g |ST9°TIveeL” |19 95|L1°95/206 |S92T | 066 | 6902 |85 | S8% | TLST | 68 |0£9¢ | oT°1 | i1t | ois- L2
90T° 7| 500" 1726 |SO0T € 8T | 2102 [0L9°T(8SEL" [€0°L€|18°98 0S8 |LT2T | Ov6 | 2502 |08S | S8% | OLST | S84 |0S9S | ST°T | OSTL | L9%- 32
o 8¥1° 7| 600" TSTES (F.ETISBT | STOS | 2€6°1 6908° |S9°6%I6T°6F v2TT 8291 | 0621 | 9¥TS 1899 | 88% | €8ST | 689T|6T.% | ST'T | 9811 | %%~ sz
& LST°T] %800° Ly €2 OIST|L 8T (TIIE | SE6°T|¥2¥e" |21 0S|0L"6%|€90T | 2091 | 0€2T ' 00TE 1§99 | 28% | s.81 | TISTI6TL¥ | ST-T | 281t | 2% ¥z a
o 6sT- 1l sL00° L1F5 JTPCT{L"8T 1€6T |€0CT2/€S08" [8T1°TS|08°03|S00T | OOST | SSTT ; SOOE 4S9 | 28% | TLST | S9¢T|6TL% | ST°T | o817 | 29%- ¢z =
= 9T°1! 900" BL TS |89TTI¥ 6T 1982¢ |001°2|€58L° |1S°2G|L1°2S(86 | OZFT | 60T {2862 |19 | 98% | ©8ST | 622T|6TLb | ST-T | 2811 | Sge- 22
) 69T°T| 850G [S7S5 | PITTIL"6T 1SS 1€8T 2 ¥SSL" 0% 25/0T°25(868 | PIST | OSOT | 6982 |0S9 | 68% | 2LST | S60T|6TL¥ | STt | 9Tt | aise 12 mm
o 9T T! 2210 92785 [9€LTIT"2C |6SEE | TP1"2|0¥S8° |SS' 6914789 (98T | 2¥Te | OS9T | S8S¥ |€9. | 88% | 69ST | oTog|s08s | st-T | serr | oot 0z o
98T°T| BTT0° 55765 |SS9T|T €2 163%¢ |282°2|STe8” [L.°99(66°59|062T | 6202 | OSST | Tes¥ |sv. | 08% | T.eT | S6L2(808S | ST'T | 98TT | 09%- 61 O
c6T°T{ 1600 5L7SS |SIST|9°€2 [€8SE | POV 2|SE8L° 19670.,82°OL|T6TT | 168T | 02T [ S¥Sh |S9s | 98% | CLeT | So¥2|e08s | ST-T | 9LTT | erb- 81
1121 0800 TF195 |SEETI0°SC  SILE |SLS°C|968L" |66°SL{OP SL|280T |2vLT | OTST | 28%% |9cL | L8% | TsST |oTlzlsose | sT°tT | 9811 | ris- LT
06T°T| 8900" SC¥S |S22T|9°T2 |TS6S 1ST9°219669° (€S ¥L(SL"SL|996 |699T | OGIT | $3€% (9.9 | 88F | GLST | 008T|808S | ST-T | 8Tt | 69%- 91
sce 1| gzr0 98783 |PTLTIT'GC |199¢ | 2€9°2[0C¥8" 188°2898°18|69ST | 6SC2 | 0S9T | 6€LS |608 | T6% | TOST | ST9S(eSe9 | oT-T | L61T | Lob- ST
stz 1| 010" ScTSS IL¥ITI6TGC . LSLE | ¥TST21€8€9° |29°€8)2L 280821 |Sfee | SSST | T29s 208 | 06% | LL§T |0S2s|€oes | sT'T | 98Tr | L9%- .
$2e°T| 0010 SP'9S jOLSTI0"L2 | 398F (8€9°2|2528° |C£°¥8(05°S6|ST2T | 0L02 | SB%T |29%s |ToB | T6% | SLeT | coos|gses | sT°T | 2811 | 9g% ST
9cz 1| 9800° S67SS |£L¥TiS" i TG6E {22L°2(6528° [£8°¥8| 1T ¥9|82TT |996T | ¥6ST | £1S8S (68L | 16% | $2€T | 0652|¢SS9 | ST'T | 1T | 99%° 2t
Ssz 1| gL00° SL7SS |2LCT|S78C 1080% {£95°2 6028 |9%°58|¥8°¥8(9S0T | 2281 | OOST | 812S |T8L |26% | LLST |sezz|eses | sT°T | s8t1r | %9%- T
8Te 1| sSTC" ST°LS |G68T(2°92 [008S | 7TS°2|1EL8" [2€°76%0°$6 [98FT | 6992 | OTET | OTL9 |298 | 96% | SecT |o019%|.689 | oT-T | s6Tr | 099 ot t
622°1| s210° 94795 |SOBT(9°LZ (SO6E : ¥95°2|1098° ST"¥6|86°26 99ST |L¥G2 | ¥OLT | 1eS9 |68 | 06% | GLST |S6T%[L689 | ST'T | S6TT | cope 6
ogz 1| ztt0° 6295 1¥69T |27 82 12207 1 999°210%S8" |65 ¥6(PS7C6 |362T |915c | 00ST | bece [6€8 |06% | #esT |ooic|ress | st°T | oot | Lo g
cre Ty SOT0T 1 %2795 |8¥ST|6°92 |Te0r '89L°7|ST98" (S9°€6|.9°26|TSST |¥S2Z | 09ST |O¥e9 |i98 | T6% | 281 | oTsc|c689 | or-T | T61T | oo L
£22°1] S5O0 98°SS I6LYT %705 .898% 39672 L0%8° |20°%6(S2C6|9TTT |9T0Z | OTPT | 6u65 |28 |Sev | o8eT |cocez|l689 | ST'T | 661t |ecs- 9
gz 1| o%ct SITLS |T¥ET|S°L7 19968  619°C|6788° |6L°96(9%°S6(SOST |6532 | OSBT | 969 |088 | ¥6% | 6281 |S6L%|092. | ST-T | 8811 | L9%- S
S¥21 910" e¥°93 I808T{2 62 13601 T,uﬁx..m CCLB" [€6°96|2L"G6 [CBST |6L%2 OSLT | ¥6L9 LB | P6Y 28¢e1 ovev [0SCL ST°1 9611 09%- b4
gezet ! STT0 5735 |STLTIL"6C |€91: 136.°2!5048° |95°96/9¥°96)SeST |oLc2 | 0991 |S299 [998 |¥ed | 6LeT |osec|09zL | <T'T | 6811 | 391~ €
292 1| €01070 '9E79G 10PIT|2* 0 | T62¥ |S06°C|L598°0|8S796)0%°S6 (65T |0T2z | £9ST |T2¥9 (098 |Se¥ | 6LST |G2e¢|0ses | 1T | 69TT | 39%- 2
..... ------ Tomm fmmmodees e jmmmmmfesmmm-femoooleeeo-|UBTT | =--- | === 1~ lcca |66% | oreT |o%Te|o92L | ST'T | GeTl I
298
ﬁnﬁ mhww ; {12 be] b
ooy | (BD) Sq|(¥o) | \mag/ | (uda) m.ulcmv Aw.ulvmv EdJE A.»Ev
51 |fogee) T M| 1S4 %9 | _Sp | SgA (¥o) at /} (¥o) at /i(¥o) (wda) | spzzen |\ AT (33)
Sy, I SeAS 3| S | Twe N [Fa/8a) u S % | S& Sqa | % N |sutgang | Od OW [epnatary

JONVWHOJYEd ENTFHAL VIYV-FIVIHYA - 1 TIEVL

—— e




13

CONFIDENTTIAL

NACA RM ES52J20

oo

[ —

SEERR T

[ et v —————— =

zv2 1| 6010 00°85 | 09LT|9°82 | 982% | €s9-2| v628* | L' is|at 15| 9s2T| 61T | o9st| ssis | sos| 09% | z6. | oszz| oszL | oz T | 119 | 129 2Tt
8¥c° 1 00T0" ST"8S| 8S9T|{1°62 | SO¥¥ | 0L8°2|6828" | 9L°LS|6T LS| 8LIT| 6S2T OL¥T| £19¢ €6 | 09¥% T6L 090¢2| 092L 0c'1T cl9 919° 1Tt
S0T° T 2L0C" GG ¥S | 900T{8 2T | L9L2 | ¥59°T| TLEL" | 9€°¢2|61 ¢c2| 028 6cL L0O6 EleTAN $9G) 99¢% €08 G09 | 0g9¢ ST'T L19 929° o1l
..... -—- mmmme | momeoms fmmee oo fememec e eeeen gy | 2L | =---| === | 95| 69% | 208 | 65 |og9g | ST T | o2s | gz9- 60T
ITT°1T S900° ¥6°GS | €T6 |8°CT | 6682 | £99°T|9eSL | TI"¥2ig6 €2| T¥L ¥69 g£ce PSTT LGS 89% 208 296 | 0e9¢% ST'T 0cs 619" 80T
ST 1T 2900° 00°GS | ¥88 ¥ %1 | L862 | LTL T|696L" |06 €2|se 2| TTL 899 008 LY¥TT c9G OLY L6L 926G | 0€9¢ ST T 819 ¥19° L0T
9911 0600° €S ¢S | LSCT|9 6T | STIE | 9¥0°2| L6T8" | LT 0S|06°62|8S0T| T16 0g2T| ¥981 ¥S9| TL¥ ¥08 $96 | 6TLY ST° 1T 6T9 229" 90T
eL1" 1 6L00° OL %S| 9LST|8 6T | ¥02E | LLO"2|9TE8" | ¥8°0S|09° 0%} L86 698 LSTT| S08T LY9| TLY¥ 108 L98 [ 6TLY ST 1 ce9 €19° SOT
esT" 1 6300° BE VS| €LTIT|E 02 | €2€S | TST 2| 0818 | ¥2 TS| €0° TS| G086 0cg OLOT | ¥9LT C¥9| €LY ¥os CLL [BTLY ST°1 819 ¥29-° ¥01
06T°1 £900° 98°¢S | OCTTI|8 02 | LO¥E | TT2°2|0ST8" | SE TE[9T 1€} €S8 98L GTOT | 8%LT 9¢9 | TLY G008 60L | 6TLY ST°T 129 1c9° €01
410 5500° 9G°GS | OSOT|¥ 12 | €6%€ | 892°2|L¥6L" |25 °2S|¥E ccl 808 0SL ¢96 TOLT 8€9| 9L¥ 608 T99 [61LY¥ ST'T 129 L29° c0tT
86T° T 6600° €2 09 ] 9T19T{c"¥2 | BISE | 90%°2|0ET8" |26 S¥|L ¥ S¥|E€S2T| SSTIT LLF¥T| 6LLC SPL} WLV 008 ¥197| 8085 1T 919 229° 101
goc'T 1600° PE6S | 62ST{E ¥ | SO9E | 89%°2|LT08" § ¥T 9% |CL S¥| ¥9TT| 9TTT 00¥%1 | ¥Sic LEL] SLY 208 86¥%T| 808G ST°1 Te9 919" 00T
St 1 0800° ¥G°8S | 6E¥T|€°GC | TILE | $9G 2| £€08° | €5 9%|9T1°9%|200T | 290T STICT | g2ic OSL| PLY Q08 £E€ET| 808G ST 1T cc9 619° 66
gg2 1| ©L00 028G | 2SE116°G¢ | 919€ | 699° 2| 2918 [9¥-9%|¥T1°9%|900T| €66 | o%2t| 0S92 | veL| 9L% | 208 | 69TT|eoss | st'T | 29 | 119° 86
LGC° T 0900° 8L°9G | TGCT|€ L2 | TSeE | €28°C|6TEB" [ 2 9% %0  9%|STE 126 0STT | 009¢ ocL| LL¥ 86L L66 | 808S ST'T S19 AN L6
61" 8600° 80°9S | LLST|8°9C | ¥.8S | 089°2|8E6L° [6T°TS|69° 0S| %611 | 2€2T GG¥T | oS 18L| 6L % <08 98LT| €59 ST°T LT9 ¥e9° 96
cee 1 £600° c079G | 0GST|c LS | 206E | 22L 2} 2818 |96°05|6% 0S| T9TT]| L6TT 0e¥T | 8G62E 6LL| BLY 86L 869T] £€5€9 ST°T 819 919" S6
gcec 1T G800 G8°GS | T6¥T| G LC | €86€ | OTR°2]L908° | TS TS{LO°TS[LOTT| 8%1T OLET| 92e¢ SLL| LLY 08 19GT] £€6¢€9 ST°1 819 ¥c9° ¥6
0s2° 1 6L00° 9¢°9G | 6¥¥T|1°8C | 620F | €48°2| 1618 |L2°TS|L8°0S|0L0T| 960T LEET | 6¥1E OLL| 6L¥ 108 S¥PT} €589 ST'T 619 619" <6
oLc T cLOO" OL"GS | LBET[9°6C | SCTY | TL6°C|ST¥8° | ¥G°TS|LT°TS|000T| L¥OT oLeT) 111 29L| SL¥ 208 €eeTl €5¢€9 ST°T G119 8c9° c6
S0c° 1T LVi0” S¥ LS| L902]|9°Ge | ¥GLE | L2S 2|6TE8" |6€£°9G!LS°SS|THST| TO9T LG8T | SYO¥ 2e8 | 99% G6L GE6C| L6869 ST 1 G139 819" 16
8ee 1 ¥c10” LE LS | €68T{S L2 | TOBE | 0S9°2|L6¥8° |65°9G5[06°SSIC6ST | L9¥T OTLT | 888¢ 928 | 69% L6L 06¥%2| L6869 ST T 0c9 019" 06
e¥e 1 Y010 TU°LS | SELT(L 82 | GGO¥ | €6L°2| #G¥8° | ¥8°95{G2°9G1S92T | 2¥ET CLGT | 8¥LE 918} TL¥ 008 STTC| L689 ST°T 229 119 68
SCe° T ¥600° ¥9°9G | €T9T|L°62 | GLT¥ | PO6°C{6LE8° |98°9S|€€°95|LLTT | 092T LL¥T | 689% 018 | SL¥ €08 SO6T|L689 ST'T 619 129° 88
892°T £800° BY°9G | TSST{2°0¢ | 682¥% | 666°2|0T¥8" |8¥°LG|00°LS|660T | 86TT €6ST | €65% 108 | SLY cle OTLT| L6889 ST'T 929 1e9° L8
=== -==-- === = | === | 8€9°'| -~ “te-se—-{=-==-=|QTIGT | 66SI -===1 20c¥ ¥¥8 | 9% LBL 0cog| 09eL ST°1 0c9 SSEs= 98
6271 8€T0" €€°9G | OTO2 (L L2 | LOOY | £89°2(2958° | ¥¥°LG5|99°9G|29%T | T#ST €08T | SETV S¥8 | G9¥ L6L 018c| 092L ST°1 ¥19 129" S8
c¥2 1| 22T10° 80°9S | L9BT|1°62 | SST¥ | 9L4°2|6S98" |6T°LS|05 95|09¢T | ov¥T | €691 | Le6S | ¥%8| T2% | 96. | osvz|oszs | st'1 | 129 | L09° 9
6621 1110° €1°9G [ OLLTI0°0E | 9Te¥ | OL8°2|£698" |21 LSi6¥ 95|¢€82T | 9s¢T G191 268¢ LS8 | €L¥ LEL GGee|o9eL ST°T 919 619" €8
L92° T 9600°0 6€°9S | 2L9T}8°0F | 26€% | S66°2|T¥S8°0/29°25[2L0°Ls]|89TT | s¥e1 08¥%1 | 62LE 608 | 6S¥ 16L 6L6T] 092t ST°T S09 €€9°0 Qoo‘og ] 28
£80°'T 3800° L3°GS | 8OCT{ ¥ OT [ €6%C | 96V " T[LeGL” |GG 9C|ve 9% |S¥0OT | 8851 OETT | 9L0¢ 6LG} S8V cLeT ¢2IT| 089S L9°7 2811 69%° 18
G80° T G900° 86°9G | SLTIT|9°0T | 12S2 | 0TS T|ST¥L: {T0°LS|23L°9E(LTOT | 2¥ET €OTT | Leoc 6LS | 88F OLET 0907} 0€9¢ L9°1 98TT 6G¥° 08
¥80°T cLog” 9L°5S | OOTT|¥#°OT { CT92 | 89S°T[9699° | 0L LS €S LE|¥¥6 ¥L2T €20T | L66T 2LS | e8¥ 89¢€T cLbé | 0€9¢% L9°1 €8Tl 09%° 6L
260°T| 9900° 1,795 | 6%0T|€ TT | 1992 | 019 T|8T69" |¥6-.S|69 ic|o0s | 2221 | €86 | L96T | wis| 98% | LLET | 2es |0S9€ | 29°T | 98T | i9%* 8L
¥t ¢0o10° e5°¢9 | PL¥T|8°GT [ 6262 | 6L9°Ti2LL8” |¥0°2S|T1S 1S|9¥%2T | €ELT 00¥1 | €062 299 | ¢6¥% BLET OT6T|6TLY L9° 1 811 cL¥” LL
82T° T L600" 89°6G | 89CT|S€ 9T | OTOE | 692 T{2628" |TS 6% |¥68°8F|CLTT | #29T ¢e2€T | 1982 ¥99 | 20S ¥LeT GOLT|6TLY L9° 1T 8811 09¥%° 9L
SET' T 0600° GE°6S | SOET|9°9T | ¥80% | L28 " T{LS08" | %S 6% (0T 6%]|90TT | 82ST GG2T | ¢6ic 8G9 | 66¥ LLET S6ST|6TLY L9° T 88TT ¥9¥° SL
S¥TU°T 6400° 9€'03 | O¥ST|0°LT | 2STE [ €E6°T|¥¥8L° !CT TS|EL 0S|{S¥OT | 82¥T LBTT | 19Lic LS9 | TOS LBET SPPT|6TLY L9°1 G6TT L9¥%° YL
g1 1| TL00 L6°6G | ¥9TT|2"LT | T22€ | ¥.6°T|¥99L° |0S 6% [T 6¥%[966 | 62€T | €¥TT| w29z | 099 | o1s | sest | oset|etss | 29T | Tert | Ti#- L
] TSR [ —===f-=== | ---= | 096" T|---=--|=----|-----[Gg¥T | 8622 |---- | vos¥ | 9.9 | ¥8% | ---- | SeSc|808S | L9°T | ¥BIT |----—- e
$eT° 1] 2210° 99°¢9 | 02LT %702 | 68€S | 2L0°2(02€8° |02°$L{0S CL|GLET | 8€TS | 0091 | OS¥v¥ | vsL | <8% | g1 | oges|soss | L9°T | seTTl | 09%° L
89T°1| oTTO" €0'¥9 | 29T|T 12 [OL¥PE | 8LT 2 |¥¥6L" |LS"SL(SS %L |TOST | 2002 | 02ST | 09S¥ | €eL | 98% | SLST | S962[808S | £9°T 06TT | 6S¥° oL
6L1°T c600° €S°€9 [ LIVPT|6°TC | 2£9€ {82L 2 |0O¥8L" |L0'9L|8E°SL|89TT | 908T LLET | ¥0C¥ cclL | L8y 89¢T 0062 | 808G L9°1 c81T 425 A 63
881" T SLOO" 9€°22 [ 2CET|9° T2 | ¥S8E | Te¥ 2 |88¥L° [99°LL 180" LL [€20T | 069T GI2T | 260% ¥LO | €LY 99¢€T 060c¢ | 808G L9°T 81T 9% 89
L9T° T 6310° 89°29 |898T|S 1S | 91SE [ S£8¥°2(E2T8" {BO ¥8|¥8°28 [LEST | 98% €6LT | 8C¥S c6L | 86% ¥LET (0155 2 AR e35] L9 1T LBTT 29y L9
81°1 9¢TO0" 692°c9 | €8LT{8°CC | TO9E [ SE€e 2 |LLES" [|S€9°¥8|0S €8 |2¥PT | LLES €OLT | €TIES 68L | 96¥ OLET SLOP1EGES L9°T 9811 6S¥° 99
991" 1| oz2T0" $€°€9 1GLIT{8°2C | LOLE | ¥¥S 2 |¥508° |06 So [6¥¥6|69ST | 06TE | COST | #€TS | oiL | 96% | s9sT |cwogleses | Lot | eotr | iow 59
86T°1 gotTC” TS°C9 | 8EST{E ¥C [ 0GOE [8L¥°C[898L° |T2 98 |EE£°G8 [0S2T | #2202 SLYT | 9T0S 69L § L6¥ T8¢T 091¢€|€S¢e9 L9° T T6TT ¥9%° ¥9
9021 8800 €O°€9 1 GSYT(8 %S | €686€ | €8S 2(62LL” |81 99 {C¥°GB|9STIT | €S8T OLET | 98LY 29L | 66% FLET G692 | €GE9 L9°1 98711 ¥9¥° <]
881" 1 8¥T0" T2°€9 [968T1|8°CC | GBLE [8¢S°2|689L° [18°26({S¥ T6|9EST | 1952 G281 | €665 L2B | 66¥ S9¢T 068YV{L689 L9 1T 18TT 09%° c9
S6T° T GET10” ¥2° €9 | TI8T|¥"¥C | 188E [S99°c{L8¥L° |2L°S6 (8% 26 [8¥¥T | soz2e OSLT | 9L89 LT18 | 96¥ LLCT 08%v|L689 L9°1 9871 L9%" 19
Yoc T cct1o S¥' €9 [ETLT|T SC | ¥96€ | ¥L9°2|969L° |2T"c6|66° 16 |0LST | €212 0S9T | LLS9S €18 | 005 GLET G90%|L689 L9°1 9811 ¥9v° 09
¥re'T ¥110° ¥T°€9 j0S9T{8°Ge |8¥0V [SS8 2 |eL¥L° [0T €6 |S0°26 [20ST | TS6T 08ST | TLSS G08 i L6F TLET G9L¢|L689 L9°T 9811 09¥%° 65
0ce 1 ¢0T10" €6°29 {28ST{g°9C |Se1¥y |-----|------l6L"T6 |50 06 |g¢g2T | ---- LOST | ¥L€S L08 | ¥0S 29¢T 0LEE |L689 L9°T e8TT GGy 85
002 1 9¥T10°0 2L°E9 |B¥ET{6°VC [8L6E }269°2|T99L°0(08°96 |0¥°S6 [SeST | L0g2 0£81 | 0129 08 | L8Y 89¢€T 0€0G|09¢L L9 1 88TT €S¥°0 | 000'ST | LS
(%)
qr Lﬁv bs
o) 5| ) 57 G5 6 o 5 o 65 ko o (589 68 | 52
35 |{oo9g) T7Em |\t ‘e | So | et T/ |t/ |(4o) N aT /| (Mo) [\ AT /| (o)l (Yo) |\GT /} a1/ |(uda)| syzzou{\ 4T (33)
5L In SgAS B S | v N |94/%4| Y S |T'ew |9 % | Sg Sq | 1| 2 24 | I | N |euaang| Od OW [opn3TaTV] Uny
% PINUTIUC) - FONVAHOAWEd ENIGMAL VEUY-TTAVINVA - I FTAYVL
» 1 . T . .
2618 . .
A - i et P 4, S

CONFIDENTIAL




NACA RM ES2J20

CONFIDENTTAL

14

2618

601" 1| 2900° 18°65 | S68 | S 2T |ovee |ovorT|essL |entwalee ve|LTL | 2L9 g6L | 20rT | ¥¥S | 19% | 108 0£° T 119 9g9° 89T
T¥I°I| 6800° 0€°6S | ¥9CT| T°LT | T2TE |Ge6 T{6TLL" |¥H*TE|9S°TIE|2LOT} 026 €22T| TLLT | ¥€9 | S9¥% | O6L 0g° 1 219 919" L9T
-----1  2800° weeom | o= === | === | L96°T|-----= | L ER| T2 CE - | L68 ----] w911 | 1€9 | €9¥% | Set o€ T 219 €29° 99T
291" 1] TLOO" 81°6S | LOST| 8°8T |£2EE |E€¥0°2(€88L" |08 EE|90°€C|1C6 | 998 OLOT! 82LT | 619 | 09¥% | €08 0g°T 019 0¥9° 59T
eLt 1 L900° €9°65 | wLTT| £ 6T | ¥9€E |£80°C|BLOB" |TZ"EE|66°CE[068 ols gPoLl| LB9T ST19 | T9¥ g6L o1 ¥19 919" ¥91
-----| ts00" B el T e I R A a1 #g|L6 ge|=~--| voL | ----| LS9T | €19 I9% | 908 og'T | SI9 } ¥&9 £91
091" 1T 9c¢10° 18°29 | L¥BTj 9702 |B¥EE [¥9T 2 |66LL° |ER a¥|SL S¥]9T¥T ] SIET S¥IT| 9¥82 ¥eL | 29¥ 108 0g°' T 619 619° 291
$LTT[  STTI0° cg-2z9 | toL1] 5 12 |ozve |00z z|stTe” |oi-s¥|eT-S¥|sser| L¥eT | L9ST| ¥¥Le | OZL | 29% | 98L 0g°T, 809 919" 191
SLTT| gO0TO" 60°19 | 2291|122 |wsse lesz-ziesis’ |soaw|2e-sy|eeer| 0611 | €¥¥T| LTLe | CTIL | 29% | T6L 0€° T €19 $19° 091
961" 1] 0600° €9°09 | $TaT|9°c2 |TL9¢ {cLS-2|8908° |zt-u¥|{TL S¥|92TT| SITT | LVEI| 6§92 | SOL | 29% | L8L 0€° 1 LO9 1e9° 6ST
9%2 1| 900" 6565 | SL2T| v 92 |986€ [£€9°2|¥Es8° |S¥ aw|ST OV (LO6 | SE6 ogTT| 2o%2 | s89 | 09¥% | 98L 0e°1 €19 L09" 85T
061°T| 9210° 85°09 | 2¥81[9 g2 [c99s [9ce e £€G 26 |TesT | OS¥PT | €¥9T| LBEE | 6GL | €9V | TO8 0g°1 ST9 129 LST
SeT"T| 2TT10° 2¥°09 |OELT|E %2 |B9LE |22V ¢ 68°1G|T62T | 8SST | S¥ST| T¥eE | €SL | €97 | 68L 0g° T 509 829" 95T
cle’t 00T10” $2°09 | O¥9T|G"Ge |¥38E |60G ¢ T0°€5(L02T | ¥821 g9V | cect 9¥L | €97 g0o8 0g° T L19 9¢9° SST
9¢e’ 1 8800° €209 | LEST|¥°92 {886C |809°¢C GO*ES|STIT| T61T L9€T| 90T¢ 8€L | 29¥ 108 og°' T L19 2e9” ¥ST
gve 1| LLOO® ¥T°09 | O¥¥I| 1" L2 |¥OTY |2EL'C 8%°¢G|¥S0T | OTTIT | SB2T| ££0S | ISL | €9% | YO8 0g° 1 029 129° €51
681°T| €ST10° v¥E' 09 | ¥602| 1" %2 |6SLE |¥LE'C 18°9G|6GST | £G9T | £€S8T| €e6€ | ¥08 | 6S% | cO8 0g°1 029 819" 2sT
502 1| GET0° TL°09 | £96T|S°S2 |998E [L¥¥°C $6°9G LPPT | L¥ST | e¥LT) SBLE | 96L | 19% | 208 0g'1 029 819" 15T
612°T| 9110° €9°09 | 918T{L°92 |0OTO¥ [LS5°¢2 €0°LS|T2ET | 02%T | OTOT| TE9E | SBL | 09% | 008 0e° T 129 €19° 0ST
vge 1| 00TO" 2v°09 | ¥89T|9°L2 [SSTY |689°2C €9°9G{0TeT | ¥62T | €6%T| 08%E | SLL | 09% | 96L 0€° 1 ST9 619" 6%1
s¥e 1| 6800° €2'09 | S8ST|S 8 |6L2% [069°2 ¢2'9g|LeTT| TveT | CO¥T| 8EEE | S9L | 6S¥ | LBL 0€° T 119 €19° 8¥1
S6T" 1l 6ST0° w%°09 | L¥T2| 152 |2268 |9Ev e 189°95]29ST | L29T | 068T| £96€ | 128 | LSV | LBL 08T 229 065° L1
802" T S¥10° 6£°09 | 0902{1°9¢ {000% [96%°C 06°9G6|86¥T | LSST 0T8T | 988¢ L18 | 9S¥ 68L og'T L0O9 €29° 9¥1
gz 1|  6cr0” 0v*09 | €¥6T{0"LE |STIY |¥6S°C L6°9S{S6ST | 6¥FPT | SOLT| 6SLE | 908 | SS¥ | LBL 0€°T 509 s29° S¥T
2ge 1| ¥IT0° T%°09 {T28T|L L2 |E¥2¥ |€89°2 12°LG|g62T | 9GET | €6ST| 8€9¢ | ¥6L | ¥S¥ | 8BL 0" 1 LO9 229° 328
15 2NN 8600° 0%°09 {0631|L°82 |0OCYY {0BL'C 6%°LG|S8TT | 8SCT SLYT| L6¥E 8LL | €S¥ 68L 0g' 1T 119 919" £¥1
01" T 1800° ¥5°¢S [ 120111721 |tiee |9g9-T|g02L” |nE"gE|2L-eT|ees 9¢L 506 $02T 2ss | 09¥ ¥6L 021 019 929° [42¢
901" 1| 9L00° L0°%G | ¥96 |8°2T |L¥B2 [€59°T|99€L° |E&"E2|s0o"ge|€LL | OTL G658 | ¥LIT | 6%S | 09% | &6L 021 809 929" 1529
9TI"T| 6900° €L %S |STe |G €T |og62 [LL9°T|[POLL® [L9'E2|TG €2(92L | S89 018 | 6¥TT | 9%S | 6G% | S6L 02T 019 ¥29° [} 49
2211 5900° c0'96 | %06 |L°ST 6562 |----- |-=---=|G&"g2|6L €2 |€TL | ~=--- ] o008 | 82IT | 9%S | 6S% | €BL 021 L09 ¥co” 6<1
911" T| 9900° GE'GG | 168 |8 €T [9562 |969°T|o9sL® |16"E=|SL €2 i80L | 899 06L | €€TT | 9%S | 09% | 68L oe'1 109 €e9° 8€T
e I o e B P Eoo o BEEEE ememo|==-==11T0T | 606 ----| ---- | 0og9 | LS¥ | 98L 021 509 ¥e9’ LST
86T T LLOO" 99°85 | TLet|6 LT |8%2E |0G0°"g|LeLLt |[SetEEj00"€E|0L6 [ Ti8 gett| 98LT | 229 [85% | S6L 021 609 0§9° 98T
891" T L900° 09°85 |6.T1T]2 6T (¥9gE |sTi'2|s9LL” |[6¥-¢E|Lc €E (€68 | 818 €%0T | TELT | 619 | 6S¥ | €6L 02T L09 0€9° SeT
2LT°T|  2900° 50" LS | LOTT{ %" 6T [GL¥PE jS9T 2 [959L" |SO°€€|S8 2L (088 | ¢BL €i6 | €69T | 219 |9S¥ | S6L 02° 1 609 629" $eT
yLTT 0900° ¥9°9G | GLOT|6 6T |9TsE |9Te 2 |oTsL: |LO"€E|LB8°2E|608 09L 0S6 ¥891 €19 | BSY c6L 0e't 609 $e9° et
811 0900° LT1°6S {2901l T 02 {SESE {2Le 2 |98SL” |BS 2E |0V CE|96L 9¥L o¥6 G691 ¥19 | 6S¥ 98L 01T S09 ¥$29° 43¢
902" 1| 9800° 3115 | 7991|292 |zoLc |0TG 2 |ce8L |8L°9%|8S 9% {1901 [ 20TT | 0BT | 99L2 | SOL {0O9¥ | 108 02T 219 €e9- €T
oge 1| 1800° 1615 |zovtle %2 |T18¢ |L@s c|otes: |#1 9% |LL s¥|6TOT | ¥SOT | €%2T1) €992 | TOL |09% | LBL 02T 019 ¥19° 0T
9ge 1| SLOO” Lz Lo |cest|a sz |iigs |Les-z|vews: |22 9ov|Ls-s¥|1L6 | ¥TOT | 002T.| ¥E92 | S69 |LS¥ | SBL 021 909 129° 621
||||| o= e el il Rttt SRS 01 R EEb bl Eeteiotainll Rt R0} 996 ----| 68Sc 6G9 | LSV = 0c'T - ity 8cl
9se 1| T1900° e1°Ls |etet|o e |oLov lLzicelLi¥e” [90°L¥{LL 9% |098 | 2E6 080T | c¥S2 | 989 |09% | 96L 02T 219 $29° Let
802" T{ OTTIO" Seltlz cz |veis |os¥-z|i1es’ |82-es|oL-es|ioet | 998T |o€ST| TOVS |8SL |T9% | 208 021 ST9 829° 921
LT2°T|  T10T0° T29T|c 92 lcess |9e5 -z |90Te" |06°2slig 2s|emTt | v22T | O¥¥T | LOSE | €SL | T9¥ | 96L | og 1 L09 ¥£9° 1A
gge 1| 0600° gzctlo L2 |ooor |v99°z |ss2e: |06 25 |e¥-2s|660T | ¥02T | GSST | 802e | 9%L (09% | c6L 02T 219 619" vet
gse 1l  1800° o¥¥TlT 82 |LTT¥ |wvor-2 |te¥ve: lT¥-2s|e6°TS|6TOT | TeTT |iLeT| 6608 |O¥L 109% | ¥8L 02°T 809 $19° g2l
162° 1| 200" cect|s os leizv |ecerz|vsTe” |{LT°SS|6L°2G|2T6 | ¥LOT |LLITY 8%0€ | 9SL |29% | S6L 021 219 ¥29° 221
86T1° T 05T0" ¢80z |o°ge |g9te 12c¥-2 {0988 |LL°9G!§6°SS |OFST | 129T L¥8T | ¥LES e18 |09¥ 26l 0e°1 S09 «nw” 1t
S02° 1 1610° 9roZ|L ce [gsLe |cE¥ 2 |9198° | €S GS|TL " ¥S |¥PST | S6ST 0981 | 088¢€ 6¢8 |6LY 6L 02t ST9 mﬁm. 02t
g€re 1| 6270° Zc6T 2°92 le68s |p¥s -z |68 |0L°95|86°S5|2T¥T |26¥T | STLT | 9648 | %08 |09% | 68L 021 19 119 61T
622°1| €110° L8.1 v 12 lvsov |1s9-z [ecver {ostis|9s:9s |¥eet | vo¥T |06ST| 22Ls [SeL |29v | 108 021 L19 129" ;348
Lg2° 1l 6600° $99T1z2°82 |SLTv |LoL'2 |voce” |c2 15 |99°9G{96TT | 2621 {O0B¥T | SLSE | S8L [29% | L6L 02T 219 929" LTT
652°T| LBOO" 2est|9 62 |ogey |----- [------ 2L°96|¢2°95 (980T | ---- | L9ST | ¥E¥E | ¥iL |€9% | O6L 0T c19 919° 911
612°T| GETO° 2967|592 |190% |vzo-z |tves: |9s°2G|66°95 [e2vT | 60ST | E€SLI | 096€ |SI8 [8SY | C6L [oTANN ¥19 ¥19° STT
9ge T 9210° 0681 |¥-L2 |6¥T¥ |169°2 |goce” |¥i-is|eot LS |socT | s¥¥T |€L91| 888€ | T8 165V | 26L 021 $19 $19° \ 149
8€2° 1| 91100 otel v 82 |t22¥ |¥sL 2 [9008 0|89 LS |20 LS |TOST |28ST |0T9T | 908 | 608 |29% | V6L 0g't ¥19 8T9°0 | 000°0E | €TT
(58) | ue . u y (33 59|

. ( = ﬁwov : Aw_b 098 Ev A vmv A Umv h cmv Aﬁv e Aw,mlm.v

91 | (o09g)T % 29 | Sg | Sar T )T ) (o) N at J| (o) [V at /] (d0) | (o) |\ 2T /I N/ (uda} | srzzou |\ AT (33)

Sy Ip Sy | Yuv N [9a/5a) S8y |T°®y | 9g 94 Sz Sq LA A g In N |sutqany od O |epn3T3TV| Uny

PanuluUo) - FONVWHOLHAd ANIGUAL VIMY-TIIVINVA - 1 HIEVL

CONFIDENTIAL




15

CONFIDENTIAL

NACA RM E52J20

est 1| tLoor 26°29 |sstt|e-sr |vuse [ato-e|owne- {serce|stecloos [ ec ] evor] cost | ots | isv | +er | oss leter | Lot t08 | sze szz
991" 1| L900° svee9 |Lytt|iret |arss |znocz|ezecs |isteelssrseioos | co. | otor| 2ot | so9 |icr | sss |oos |etey | LT s09 | Le9” 2ze
LT 1| $900° 80°T9 |OSTT[0"6T |abes [ott-z|a®sis |cL-ce{TS sc|os8 | €L | <66 | 29T | c09 | Lov | ze. |o6L |etcr | 19T R tee
6.1°T| TOTO oL-29 |e9st|e T2 |itoe |eeze|sasis |69-9%|22°9%|6LTT| LSTU | 06ST| 6292 | 969 | 09% | 2L | t891|808S | L9°T ot9 |eeo oez
Y01 T| £600° 9729 | 00ST |2 22 |eemE |i17F|waeLs |6 9%|es ow|catt | ettt |oset| iisz | 069 | osf | 6L | 0sot|soms | iovT 019 | ves- 612
661°T| s800° v1-29 [L2¥l|e se |sLie |oms-2 |20 | S8°9%|SH-9%|LSOT | T90T | 1921 | 255z | 989 | 19% | =26. | L2vt|808s | 2971 609 | v29° 8Te
9T2'T| 8L00" ¥8°19 | ISET|0° %2 L% |#s¥'7|L928 | 26°9%|95°9%| 186 | 600T | 00eT| 9.2 | v89 | Tev | 26 | Tost|soss | L't 609 |se9° L2
sez 1| eLo0 L9719 |s62T|9 ¥Z |vzes |cos z|eeesr | v0riv|oL-9v|6s6 | 1.6 | ostr| zevz | 189 | 29v | 6L | 6051|808s | L9°T 018 | ses- 912
(BT T| 82T10° ¥0°29 | 181|622 |saaE |m@a'z|aoge: |©8°25 (9T 25|S9ST | 92%T | 029t s92 | SvL | 66 | 68 | OTv2|eSee | L9°T 609 | Te9" s12
161°T| 8IT0° T3°29 | ¥9LT|9 €2 |Bae§ |wEE"Z|86TE" | $O-G|2%°25|962T | LSCT | €vST| 2L1¢ | 6SL | 6% | TsL | Ozee|gogs | L9°T 809 | seo- ¥ie
S6T°T| 2TT0° 80°29 |S691(6-S2 |nzak |omg z|emos- |98'es|szres|iset | STST | 0oST| ofTs | 9¢. |69F | ss. | ote|sese | iat1 809 | te9" gTe
soz 1| 6600 ss 29 [soot|9 we |iost lase-zlatte: |or-cs|v9 2s|seTT | veat | 82bT| Sroc | oL |29% | ¥6. | 0est|seea | Lo°T ot9 | ses- 21e
2se 1| $800° $6°09 [sevU|s 92 [mEt® |ooo°z|csEe | Te eS|98'2s|TSOT | STt | 0L2T| s¥62 | TeL |65% | 16L | Se9r|segs | io°T o019 | 129" 2
6T°T| 6%T0° L0729 |9202|6 €2 |LTa% |32g°2|6¥iA* |21°15|82°95|90ST | TOST |€6.1] p2Ls | 1oL | 69% | Tl | STof|l689 | i9°T 809 |s29° otz
S6T° 1| 65T0° s8°29 |8s6T|0 e |zmes ¥G'LS|5L°9G|8¥¥T | eesT | 0SLT| 089S | o8 | 8Sv | S6L | o¥#sz|iess | Lot ¥19 | 619" 602
66T°T| 9210° oL°29 |iSeT|9 ve |veee |GEe-a 12° 2505 96l ocet | To¥T | €¥9T| sess | €4 | 6sv | osL | 09gz|iesy | 19°T 809 |29 802
2tz 1! ertor €529 |9viT|9'ce |akny [egc- 2 10° LG |8¢ 96| L2t | veet |svst| Love | 9oL |09% | osL |ovzz|iess | L9'T 809 | £29° 102
sez 1| 8600° | —---- 8291|9792 |zt |=mm=- $6°95|0%°95|8LTT | 8S2T | €¥¥T| ---- |8SL [09% | 06 |ceer|iess | L9°T 809 |g29- 902
we 1l tstor ¥9-29 |evoz]e-se 19°25|18°96|L0ST | €5ST | 0T8T ¥%Ls | 908 | 09% | 68L |osogloszr | £9°T L09 |se9- S0z
so2 1| setor G229 |L¥6T v se $6°L5|91°L6|L2%T | TLPT |oO2Lt| 2898 | 96L | 8s | TeL |eLz|oszL | Z9°T 019 {129 oz
yles1| Leto ¥0°29 |898T|1"9¢ 2185 [6€°LS|65eT | OFPT | 059T | ceoe | 6L |Bs¥ | e6L |Szez|ogzl | Ls°T 809 | L29° g0z
¥Iz 1| Telo 08°29 |g98T|T 92 %0°85(Se LG|6seT | #8eT |os9t| pise |osL |6y | 6. |oosz|oses | ZotT ot9 | se9r 202
Tee 1 S110°" 92°¢g |LBLT|L 92 68°LS|EC LS| 20CT | LEET 06ST | 925¢ LBL | BSY 6L SiLgc|o92L Lot 219 919° T0e
se2 1| 8010° 92°29 |ThLT|L L2 ¥1°85|25° LG|6€eT | t82T |OesT| 9vs | €8s |9s¥ | 16 |Gezz|oszL | L9'T 809 |se9- 00z
$0T°T| 0800° 95°Ls |290T|s 2T gs-sz(6z gz|Ls8 | tvL | S¥e | 6LTU | €SS | 29v | @sL |<Ls |ogee | re-T ols |ee9° 667
00T T| 6L00° 85°LS |820T|T 2T 1I°se{s6 2z ves | TIL | L16 | BSTT | 1SS |€9% | .iL |oes |oges | ze°1 165 |s29° 86T
80T°T| £.00° 96°Ls [£96 |oeT co-czlev-gz|ior | tLs  |oss | ottt |evs |s9v | TeL |Lire |ogeg | ze'T sog | ete- 16T
I T| 69000 £6°8S |226 |82l (e-sz|tL-cz|eeL |8se | ozs | ssoT | 9%s |29% | 9Ll |e8s |ogee | et 96s |ge9 961
8OT"T! 1600 L0°6S |6%ST|S ST ge 2ele0 2elenor | os6 | 0021 | 06LT | tze |29v | Tos |osor|etir | et 09 | o0g9° 61
9sT° 1| 6L00° 98°G9 |2s2T |0 8T 6c e |v1-2e{c66 298 | oSTT| 869T |S29 | 9% | ceL | L16 |sTiv | LetT £09 |929° 3T
09T°T{ TL00 19709 |%6TT|%-8T 8%-cc (%2 cc|026 | 628 | 1901 | 269T {619 | ¥9% | TOs |Tee |6TiF | Le°T 509 | L¥9° g61
oLt T| 2900 119 |werrs 6T 25 ge|tereelese |89 | <00t | seot | wro [cov | 6L |oh. |eTLy | Le°T 609 | Se9 261
YT 0900 £9°09 |90TT |8 6T rzessliotes|tye | gL |ise | ster | wto |s9v | lsL | Tl |sTew | Le°T 809 |6T9 61
9.1°T| S0TO° Ly 19 |¥19T|T 22 LT°9%|69°S¥|v22t | 58TT | 09T | 20ie | 6oL |$9% | --- |ozit|soss | ie°T 509 | os9- 061
8LT°T| 9600° G6°L5 |¥¥STle 22 9L-9¥|te 9v|TiTT | TSTT |o08ST| 0992 | ¥0L | %9% | --- |209T|soss | is°t 609 | %9 681
61T 0600° SL-09 leusT|itee 10°9%[99°G¥|TTTT | 560T | €2sT| Loge |20l |99% | =--- |eLvT|s08s | ig°1 509 |sz9r 88T
802°T| 6L00° S2 19 1L6ET|8° ¢ 82°9% [26°5¥|0¢0T | L20T |ssat| vese |69 {99 | --- {soct|soss | ie'T 09 |e629° 181
¢22'1| 8900° 0$°09 0621 |7 %2 1%°97%|60°9%|c¥6 | €56 |estr| esve |oes |9y | --- |9err|soss | setT s09 | ¥ea- 981
88T°T LTTO* 919 |ivit|e e so°ss|ev-zs|eeet | tisT |ozst| sses |ost |99 | --- |oree|eses | cevT 219 | ie9- 8t
86T°T| TIT0° ¥3°19 |SOLT|0 32 19°2S|60° 25|08t | 92sT | sssT | 98Ts | TS |L9% | --- |oB0Z|esge | ievT s09 | ¥e9° ot
202 1| T0T0° S0°19 |Seot|s ¥ vy 25|16 18 |Ltet | sset | e9vt | vtrs |ive | L9y | --- |osst|gses | se'T 509|629 <81
$Te"T| 1600° 1709 |L25T|%se | LT°2S oL TS |SETT | #LTT |81 | t1Os | The |89% | --- |g691|eges | ieT s03 | 229 e
822 1| 1800° 2T 18 |Lvt|0t9z _ 18-25 [#9°25|650T | vOTT |ooeT | 9%62 |osL |99¥ | --- |scestleses | Lot 219 {919 181
t8T°T{ 2910 12°19 |T112|1 %2 Te g )ee 9612091 | 69T |L68T | co6s | 118 | 99% | 208 |sezc|iess | cetT oz9 |s819" 081
L6T°T| 2310’ £9°19 |BL6T|L %2 L0°25 |12 96]98¥T | 89ST |Liet| 9eLe |vTos |99% | 9L |suse|iess | ie'T oT9 | 629" 6L1
soz 1| 6z210° LT°19 feLsT (¢ se 65795 (L9°G5|86ST | TLPT |o89T | 9098 |<eL |29% | 88L |oese|iess | ie°T v9 | sece 8l1
912 1| LT10° 0¥ 19 [28LT|T 92 £°95(89°SS|6TST | 88ST | ¥09T | S6%€ |e88L | 9% | .8. |osee|iees | Le°T 109|129 LT
¢ee 1| 600" Se-T9 (68ST|e" Lz 20°1G|6%°9G|09TT | 9221 |0S¥T | 1e€5 |69L | 297 | L. |068T|iess | is°T 919 |679° 9Lt
€02°T| TSTO £6°09 |Lg02 ¥ G2 T9°9G |G GG {62ST | 65ST | O%8T | ¥6L5 | v28 |69% | 18 |Stos|oser | io°1 229 | 6Lg St
¥I2°T| 6510 T€ 19 0961 |0° 92 25°95|50°65|95%T | 2891 |cou1| 6698 |oce [e9v | oL |osiz|osel | sevT %09 | 919’ "
02z°1| g210° 2y 19 |e8st|L 9z 8%°LG|GL-9G|P6ST | L¥T |0OLT | 8195 | 978 (69% | ¥6L |St9c|oseL | Ls'T 819 | 609" et
2s2 1| P10 ~---= leLet|s iz 80°LS |¥%°95|¥0ST | ¥eST |L09T ) ---- | 608 |69% | 8L |Steeloses | ie°T 809 | 619" 2Lt
lsz 1| woT0° 22°19 |£691|0" 82 5745 |G6°95|veal | L03T | LeST| eeve |86l {89% | ¥eL |osTz|osel | Le°T ce9 | 663 %
20T"T| €800 €95 |8€0T |0 2T escz|eerealsss |evL  |oze | 98TT |oSs |09y | o8 |g6s |oges | 0%l ots |sgs9- oLt
60T° 1| SL00°0 0995 |¥s6 |g-2T 29-¢z|vi-czleLL | sor  |s9e | ovtt [ows |09y | tee [%es |oses | og'T 013 |T2s°0| 00o‘os 691
&N
\"ar |mHv

5 : .«.IJ Sq|{Ho} A:um fuda | Ev /536" Awm Unv 13 unv hwm vJ AEV (33 bs) Awm vnv

25 |(oo9g)T"®m|\S Zo | e |zt (s n.:v (o) (52| (o) [450)] (0] (o | ()| (uda) | azzou|\ AT (23)

Sy I 1AM S| ey | T |FaSa| w SO |TUEw | 9 % | S Sqa | | & ¢ | 9w | N |eutaany| Od Ou |epnatatTy]uny

% PANUTIUC) - EONVWHOLNZd SNIGHAL VIMY-TIGVIHVA - T TTEVL

CONFIDENTIAL



¢ N@H@ ' . . , v v

O
(AN
S ,
mw . bt e i Etntaindl ntatatefiN Entetelati Reshubeintedl Auteleinbetell fdedebetadl Sebedet Dol FoloroA gl IS 445 2 €LY | S¥¥Y ¥0 [
X X N e : : : === ==-- === 6 5¢9 L9°T ¥ ———-=
A A e b e e bt B v e ] L e e e R I e Lie
) | X &’ : 3 T| 6LFT 189 | OF¥ L1g ¥811|L689 L9°1 o1e ¥ 1
29T T LETO SP TI9 | S6B8T[L°02 | LTOF |9%S°2|L09S L2°82|96°22|CBET | 898 LO9T | 9FFT [+ . o
Wm YT T [5139 (o} 25°09 { €TI8T(6°8T | 180% [985°2|298G" 82°¢2|L6°22|6G8T | 8SS GSST | C¥FT nmw o o o e hw.H Boe o S n
c0e° 1 L¥TO" 29°¢9 | 0%02|1°GSe | ¥ ¥ [ ¥86°2|9%0L" LL*S2|2¥ €2 [2L¥T | £0S OLLT | TOST th MWH NMM Sl hw.H e oo o M
) ) ) X ; ; i . Z¥eT|092L L9 T 90¢ *
AH MWM.M mew. mm|mw MMMW M.mw mvmv .mmwum 6TLL On.*m nm.nm 20ST | ¥.6 0T8T | 09ST 66L | 9¥%¥ 61¢ 61T |092L L9°T (284 WMM. MMM ‘
S pell me | fempe ekt T G IR G| S (GG |t | S (S
: : X w9T]e oles : X ) J ———— 4 ¢Ie ¥¥8 | £GE9 01 80¢ 28T
= mE | meiae e elCdh B G R I el S8 RE )
L X X '3 o L e9” 69T 2 Z26L 1 35V LTIE 92TT|L689 0g° T FA S A1 e
L1211 O¢T0 96°6S | 268T{¥ 22 | .88 [cS9 2 2¥18" 12°¢2|16°22 |09¢€T | S9% GG9T | 00ST LBL | ¥S¥ ° i
L2211 8110 c8°8S | ¢8LTIZ L2 [ T..% |TISL 2 ¥218° LogctoB ee|1LeT | 8¢S 098T | 2L¥T 8L vm« b a b On.H 4 Nmﬂn 4
L6T°T TLT0° LB*6S | PTIT2i7°Ge | ¥SES | 9%5°C|8LO8" 19°22|¢€2° 222191 | ¥29 0¢BT | 68ST 2es S ree o iy On.H 4 aox o
L ACAR L¥TO" 90°09 | 892T15°9¢ | 600% |6%€9°2|8229" £9°22|08°22|S8¥T | 6LG €081 | 82ST wmm M 5 o e On.H - o L
92e° T ¥ET10° O £6°6S | creTlv L2 ' GBOY Q0L 21BEEB O[S0 €2 |2L 22 |SO¥T | €95 02LT | 0281 &08 nMW oos celes On.ﬁ = e e
S A5N 370" €0°29 [ S26T|S'6™ [L9CC [OFPT 2| ¥PTL" TO " ¥2|[L9'SC|0C¥T | ¥69 €291} G8¥T 0L9 | 8%¥ 355 BeoT oot ik 05 £91:0, 000" 1 £9¢
. 1 X I 8 ) L : ; ¥O¥ 6221|8085 L9° T ¢Le 8¢¢”
MWM.M MM%W. MM.MW Mmmu M.Mm WMMM M««.N Nnmn. nn.mm mo.mm TLO0T | 866 eLeT | 29¢T €99 | 6CF ¥O¥ ¥S8 [B808S L9°T1 cLE 8ee” mwm
ier- T L o OOmw ‘.ow rooe on.N nmmh. nm.mm ¢m.mm GBCT | 192 €E9T | 96LT 92L | 8¢¥ 80¥% T6€T|€GE9 L9°1 ¢LE 19¢" 032
U)o | oeten oot cons eowgloiss: |roneclovoclaoa ot | siar ot [The |BY) 30 ISR | B0 | GE (s
X : e 9T Te i : . N 6¢Y SO¥ 2G0T | e589 L9°1 $LS 8ge”
MMM.M %MMM. Wm.nm mmwm M.MM MMMM WM*.N hmmh. mO.Hn Ow.Om 66T | 888 €281 | €202 TLL | 6CF ¥1¥ G2LT|L689 L9°T 8¢ 8ge” wmm
i1 AL mn.nw e = ot Haw.m mmﬁm. wm.on nH.On 69%T | O6L GGLT | €261 G9L | 8EY LOY 29G6T|L689 L9°1T GLE 1§ 2% 962
Te o e Mmmm o-cs |Toen h**.m Mﬂ%m. Nw.on mm.on 8L2T | 269 OGST | LO8T L¥L | 9¢¥ LOY OSeT|L689 L9°T 68¢ LS2’ GGe
FordT St T mmqw < iy wm«.m ¥ m. HO.Hn Nm.on 29GT | ¥¢8 OL8T | T¥OC T6L | LS¥ 30¥% 0GLT|092L L9°1 5LE 214 ¥s2
MM iy e, 4o.mo mFWH E.E | o nw.m wonw. Om.on m«.on C6¥T | 66L L6LT | 9661 G8L {8CF (10} 4 0291|092 L9°1 eLE 25 40 £Se
oo SN ﬁw.mw «MDH N & .N «N«@. NH.Hn Nh.on 9¢CT | ¥TL LE9T | #88T 9LL | 9¢¥ S0¥% ¢e¥1{09eL L9° 1T 78 18249 282
S| e | gmes [nuerente (e (eeecleen |eaeleervelooet | Slo |ovtfomvr (356 |55y | Sor (O Jooas | i | wid feie
SiT°'T S0T10° 9G°6S | 999Ti{9° T2 |8¥6¢€ |o09°2|2¥L9" 0g 62 |66°82|06TT | 0L9 mmMM MMMM MWN me i b &l e e e
) X ¥ . N : | (442 O0TT|E€5E9 0g°T 6L 3
m MMM% MMMM MMMM M%MM M.NN 250V mmw.m OnOh. wm.mm mN”wN 80TT | 609 CCET | €991 TLD | 8¢Y 0% 696 |€5g9 0E°' T 2LE MMM. MWM m
2] s 408 SeTe | or .mH 526¢ *h*.m ooﬁw. ww.on ﬁm.on I8%T | 0%8 0691 | €502 2L 1se¥ 60¥% 22911L689 0g°1 £8¢ T1¢" L¥e ﬁU
Yoo pos. port nNMM W.ma ST0% Amm.m Omﬂw. wm.ﬁn «#.ﬁn 86€T | BOB 809T | T90c TL9 | LSV 2 4 0281 (L6889 0e' T ¥6¢ 9ce” g%e (o]
WW o - b o w.om LYY mmw.m wmnw. mv.mm 0T1°2¢|682T | S92 00ST | 6202 9.9 |6¢¥ %% 4 T9€T (2689 08" T [0} 4 az¢e” S¥e
= S o g i Mmom .Om A A 4 mvh.m Nmﬂw. «h.on oV 0£{6€2T | 689 C¥YT | 1681 699 {G¢Y 60% 0€2T{L689 o] L8E 8" b4 74 WM
= Sar- 1 BoTe- e | M.MN 210} 4 nhm.m wNHh. h*.ﬂn mmuon OTST | #¢8 GLLT | 9¥%Te (e} 7 I § 2 4 LTIY LTLT09eL (o]0 98¢ pee” (% 74 o
el 50" HJes .)H ANCAZ N*w.N thm. mh.Hn Nn.Hn 02¥1 | €61 2291 | 8602 0L9 | OFY 8I¥ 29ST092L 0g° 1 26¢ (o] Zc¥e O
X 8¥°GS j2EBT|¥°8T |TICY |22L°2 (2088 LO°2C L9 TE|O¥ST | 5L S 3
09T° T b . b . . C¥ST | L¥OC 199 |LEY A 4 S¥¥I (092, 0¢° 1T T6¢ XA ¥
T210 06°8S [OBLT|L 6T |SPSY {98.°2 (6965 [96°0%|65°0S|90ST | £69 ° i
oy i s, ol enet i F . : : 6 GTST | 2¥6T1 LLY |2¥¥ 210} 4 TELT|092L 0e° 1 GLE o¥e ov¥e
Sl o ool | covticay 0665 nm*.m OmOh. Om.*m nm.*m LO2T | LOY ST¥T | 6871 G99 | ¥CY 80¥% 0.6 808S 0c'1 q.C ¥c° 5¢2
L Sl Eoia ot w. m ¥08¢ m«w.m Nmnn. hm.¢N mn.vm 820T | £%S 8%2T .| 9¢F¥T 0L9 (&Y 0% 164 |B08S 021 SLe 16 4° 8¢e
ST T el il (et w.mm LS8S an.N Honw. ﬂm.wm wm.wm 32T | S69 89¥%T | €281 §99 | ¥C¥ LOV LBeTT|E589 021 SLE i 24 IR A
Sorar SYTor Sives |Tooole- o2 MMO« mmh.m OOOh. mw.wm mw.mm 280T | 019 B62T | 669T €L9 |gc¥ LOV 8¥6 [£5¢9 021 GLE ¥ye” 9¢e
T 6T todis |onl o nmn *ﬁw.m Nﬂmw. hm.ﬁn ﬁv.ﬁn ZP¥T | oS8 089T | s¢ee LOL | ¥EY 8cy TS91{L689 [oTAR S6¢ 1%C° gge
ISUT) Soren | Sonis |eUT|wse |sfey lesaicesss: |veos|TT08|Toct | 989 |ofvT | TIeT |u69 |56y | sov |oiTr|less | GeT | Sif |ere: e
X X 2 - Sl * oo 6 SIS ¥ 80¥% 6¢¥T092L 0e'1 9L¢ L2220
MMM.M MMMW. MW.MM MMMM W.hm 28TY mOm”N Anﬂm” wmuon Omuon GEEeT | 82L c¥3T | S¥0C 98L {9¢¥ ¥O¥ 0LET[092L 0e'1 GLE Leg” MMM
Se0™ 500" R TR n.Mm MWW« Mhm.m nwﬁw. «o.Hn mw.on T1S2T | 569 LOVT | L66T 089 { 9¢¥ 80¥% 2seT]092L 02" T 3L¢ TI%€° 0| 000°0% | 12
20 1 ) S Ml = hm.H nHNN. On.nm OH.nN ¢68 9¥L Gle PLTT 6%S | 6SF c6L G¢L j0%9¢ L9°T 609 G29° 0ge
20" 1 Siigo- s e ’ T |LLL2 Hmm.ﬁ «mmw. mm.nm mh.nm [e+2%] ¥1L 006 6211 ¥¥S {BSY 88L 0L9 10£3¢ L9°T 809 129° 622
960" 1 oo mvm 9 1T |.¥%8e wow.ﬂ «omw. m«.vm ﬁn.vm 28L 169 GG8 TT1T %S | 85y 26l o¥9 |0£9¢ L9°T L09 629" 8ce
860" 1 0L00" 343 oL82 WMW|M wmﬁm mﬂ.«m NN.«N 59/ 189 o¥8 2011 e¥S | 6SY 06L 029 |0g9¢e L9° T 019 619" Lec
om 1 Eaio: oo mmwm : - wu H«.*m #N.«N eSL == Le8 L60T ¢¥S | 6GF 16 0T9 |0g9¢ L9°1 809 ¥29° 9ge
T T £800°0 ¥LOE wa.ﬁ Nmmn. L6 TE|S9 IS {T2TIT | 096 €92T | 9181 ¢29 [ LSY 1Y% 0911 |6TLY 19°1 ¢09 c¥9° sge
6121 6€2¢ |[¥S6°T|¥09L°0 |6¥ 28|22 25 |886 368 OfTT | €491 GST9 | B8SY 18L 096 |6T.LY L9°1 %09 819°0| 000°0¢ | ¥22
9 PO :m&V Ama.: AEV Aulw.mv Aﬁ umv QH ?.V 2 bey | gy (33 bs) QH SV ,
& Sommv M Mm LBH . mm at (Yo) qar }| (H4y) qar /| (¥p)] (Ho) A ﬂv Aﬂv (wda)| srzzou qar (33)
3 L N |9a/5Sa} W |S'%m |T'en | 95 94 Sz Sgq .| 25 2q In N |sutqung 0d Ow |opnataty|uny

|

, pSpPNTOUC) - FONVWHOJMAJ ANTHAL VEMV-TIGVINVA - °I FIAVL 4
|

A

|




17

CONFIDENTIAL

NACA RM E52J20

3J

‘TSuuM3 PUTA SPRTYTE U SUTBUe 3670qIM3 JO UOTIEITEIOUT - ‘T OaMByqg

SE6ET-D

o Y = |...\. ... i,

e

S OTZIOU jENEYXe
HaJU-aTQW[IE)
o,

B -

_.,.-rl.«t

JOGENG oW efiion
-3UT Mg BEJU-AT]E]IEY

e T PR

'

192

CONFIDENTIAL



NACA RM E52J20

CONF IDENTTAL

18

8192

POTTBISUT S8A UOTIBIUSUNIISUT GOTUM 98 SUOTIWIE FUTMOUS UOT4ETTE38UJ eurdus-g4efogmsg Jo MeTA dOT, - *2 eInIrg

2¢E€LZ-AD
e 0 8 2 91 39T3N0 67ZZ0U-48NBYXT L
¥2 8 0 0z 9eT3N0 surqamy, 9
0 0 0 S 9eTuT eurqmy S
9 2 0 ST qe1no aogsexdmor) ¥
0 L ¢ €2 3eTur Jossexdmoy g
0<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>